Therefore, the aims of this study were to examine (1) the long-term mortality risk (up to 18 years) following all types of osteoporotic fractures in women and men in different age groups, (2) the association of subsequent fracture with that mortality risk, (3) what clinical factors present at the time of fracture predict mortality, and (4) the effect of fracture over and above low bone mineral density (BMD) on mortality.
METHODS

Study Population
The Dubbo Osteoporosis Epidemiology Study, started in 1989, is a longitudinal population-based study of women and men aged 60 years and older living in Dubbo, 400 km northwest of Sydney, Australia. The study was approved by the St Vincent's Hospital human research ethics committee. In 1989, the population was 32 000 and 98.6% white and had the same age and sex distribution as the Australian population. Dubbo's relative isolation, centralized health services, and stable population make it optimal for epidemiological research, and it is estimated that less than 6% of the population could have been lost to followup. A detailed description of the study design, general goals, and methodology has been previously published. 13, 14 Because of the nature of the study, none of the participants were living in institutions. The entire Dubbo population 60 years and older consisted of 2245 women and 1760 men in 1989 (FIGURE 1). Between April 1989 and May 2007, 952 women and 343 men sustained at least 1 minimal-trauma fracture.
Detailed Study Group
Of those who sustained a fracture, 452 women (47%) and 162 men (47%) agreed to participate in a detailed ongoing assessment after providing written informed consent and had data available close to the fracture event ( Figure 1 ). Lifestyle factors, including physical activity, dietary calcium intake, cigarette smoking, and alcohol consumption; number of falls in the last year; comorbid illnesses; and medications were assessed by questionnaire. Anthropometric measurements, bone mineral density (BMD), quadriceps strength, and sway were measured. Interview and measurements were carried out approximately every second year by a nurse coordinator at the study center. For this analysis, the variables (except for calcium intake and physical activity in which only baseline data were available) were those taken at a visit within 5 years prior to and 1 year following the fracture. Comorbidities were only analyzed if present at time of fracture. The median time between visit and fracture event was 9.7 months (interquartile range [IQR], 21.6 mo prior to and 1.6 mo after fracture) for women and 7.5 months (IQR, 19.2 mo prior to and 1.5 mo after fracture) for men. The median follow-up after the fracture was 13.1 years (IQR, 8.0-16.2) for women and 9.5 years (IQR, 5.3-15.0) for men.
Fracture Assessment and Mortality Data
Fractures were identified from x-ray reports obtained from the 2, and for some time 3, radiological services for the entire Dubbo area. Circumstances surrounding the fracture were obtained by personal interview. High-trauma fractures; potentially pathological fractures (eg, cancer or Paget disease); or fractures of the head, fingers, and toes were not analyzed.
Vertebral fractures were identified from x-ray but systematic screening was not performed. Vertebral fracture was considered clinical if there was a specific cause for the x-ray (eg, back pain) and incidental if this cause was not present. Approximately half of all vertebral fractures were clinical; 151 of 283 for women and 51 of 107 for men. Incident and prevalent vertebral fractures had similarly increased premature mortality in either proportional hazards or logistic regression models and hence were analyzed together.
Because several types of fractures are associated with increased mortality risk, 5 Mortality status of all fracture participants was identified from systematic searches of funeral director lists, local newspapers, and Dubbo media reports and verified by death certificates from the New South Wales Registry of Births, Deaths and Marriages. Population at risk and mortality data for the whole Dubbo area were from the Australian Bureau of Statistics for each year of the study.
Statistical Analyses
Sex-specific mortality rates were calculated for the whole Dubbo population aged 60 years and older in 5-year age groups for each year of follow-up based on the actual number of deaths and midyear population obtained from the Australian Bureau of Statistics. Changes over time were evaluated in 0 to 5 years, 5 to 10 years, and 10 or more years of follow-up.
Age-and sex-specific mortality rates for each fracture group, based on the time from fracture event to death or end of the study, were compared with expected mortality from age-and sexspecific Dubbo population mortality rates (standardized mortality ratios [SMRs] ). Significance and 95% confidence intervals (CIs) were calculated assuming a Poisson distribution. The sample size had power of 90% or greater to detect a 2-fold relative risk increase. 15 Kaplan-Meier survival curves, based on Dubbo population life tables, were constructed separately for women and men and stratified by fracture type, and differences were tested by log-rank statistic. Fracture participants were removed from the general population data to compare fracture participants with a nonfracture population.
Excess deaths for the fracture population were based on the difference between observed and expected number of deaths. Life years lost was estimated from the expected survival at age of fracture from Australian life tables.
Following a subsequent osteoporotic fracture, risk of mortality was evaluated in two 5-year follow-up intervals between subsequent fracture and death or end of the study. Subsequent fracture was also analyzed as a timedependent variable in a Cox proportional hazards model for mortality.
Comorbidities and risk factors for mortality were analyzed in Cox proportional hazards models in the detailed study group. Forward and backward stepwise models and the Akaike information criterion were used to determine the most parsimonious models. The effect of fracture in addition to low BMD was assessed in an agematched (±1 year) and BMD-matched (±0.02 g/cm 2 ) subgroup of fracture and nonfracture participants using conditional logistic regression. All statistical analyses were performed using SAS version 9, 16 and significance levels (PϽ.05) were 2-sided.
RESULTS
Fracture Incidence and Mortality Rates
There were 952 fractures in women and 343 in men for the Dubbo population aged 60 years and older over 29 660 and 20 717 person-years of observation, respectively (April 1989 through May 2007) (Figure 1 ). These equated to an average fracture incidence of 32 per 1000 person-years (95% CI, [30] [31] [32] [33] [34] Mortality rates in both sexes increased with age as expected. However, for each age group, mortality in the fracture participants was consistently higher than that in the general population (FIGURE 2). For all ages, mortality was higher for men than for women, most markedly in the older age groups.
Absolute mortality rates were highest in the first 5 years following fracture, 8.9 per 100 person-years for women (95% CI, 7.9-9.9) and 14.5 per 100 person-years for men (95% CI, 12.4-17.0). These rates declined thereafter toward the expected mortality rates such that, of all observed deaths, 66% in women and 78% in men occurred during these first 5 years. Increases in absolute mortality that were above expected in women over these 5 years after fracture ranged from 1.3 per 100 person-years for minor fractures to 13.2 per 100 person-years for hip fractures. In men, absolute mortality increases for the same period ranged from 2.7 to 22.3 per 100 person-years depending on fracture type.
For all fracture types, SMRs were elevated for the first 5 years, ranging from 1.38 to 2.53 in women and 1.64 to 3.52 in men with the highest SMR after hip FIGURE 3) . Premature mortality was observed across all age groups following hip, vertebral, and major fractures for 5 years postfracture except for minor fractures, where it was only apparent in the elderly (aged Ն75 years) ( Table 2 , Figure 3 ). In age groups older than 75 years, although hip fracture participants fared the worst (PϽ.001 for both women and men), survival was decreased to a similar extent for other fracture groups (P = .49 for women and P=.73 for men).
Nonhip, Nonvertebral Fractures
Of the 1295 total fractures, 659 were nonhip, nonvertebral fractures (74% in women and 26% in men). These fractures preceded 46% of all deaths in women and 42% in men. The overall SMRs were 1.50 (95% CI, 1.30-1.73) in women and 1.48 (95% CI, 1.18-1.85) The majority of excess deaths related to fracture over the 18 years of observation occurred in the first 5 years (87%). Of the excess mortality in this first 5 years, hip, vertebral, and nonhip, nonvertebral fractures were each associated with approximately one-third of deaths (37%, 35%, and 29%, respectively).
The major causes of death from death certificates were 27% cardiac (n=204), 26% respiratory (n = 193), 15% cerebrovascular (n=110), and 13% malignancy (n = 98). Fracture was mentioned in only 10.5% of death certificates, primarily hip and vertebral fracture, and osteoporosis without a fracture in an additional 2.5%.
Detailed Study Group
The detailed study group comprised 47% of women and men with fracture ( . The men in the detailed study group were of similar age and had similar SMRs to that of the total fracture group. The distribution of fracture types was similar in these 2 groups.
Among the women and men with fractures, those who died were older, weighed less, and had lower bone density and weaker quadriceps. Women who died also had higher sway. Among those who died, there was more cardiovascular illness in women and more neurological and respiratory illness in men; however, neither type nor number of comorbidities (median equivalent in all groups) was predictive of postfracture mortality (Table 3) .
Most, but not all, of the factors associated with increased mortality in univariate analyses ( (TABLE 5) . In men, falling less was another independent predictor, presumably reflecting limited activity in a sicker subset.
Population attributable risk for mortality was greatest for low BMD in women (18% for T-score Յ−2.5). Subsequent fracture contributed 13% and 14% to the population attributable risk in women and men, respectively. Ever having (7) 79 (7) smoked accounted for 10% in women, and being in the worst quartile in any 1 of the other factors accounted for 7% or less of population attributable risk.
Age-and BMD-Matched Analysis
A subanalysis to explore the association between fracture and mortality over and above low BMD was performed for 347 female fracture and 129 male fracture participants with the same numbers of age-and BMD-matched controls. Those fracture participants who were unable to be matched (83 women and 29 men) were older and had lower BMD. Follow-up time was similar in women (median, 6.9 years for both groups) but slightly shorter in men with fractures than those without (median, 4.4 years vs 6.4 years; P=.02).
In women with fracture, the mortality rates in the 2 matched groups were higher than that of the general population but were similar between those with and without fractures (SMR, 
COMMENT
This study reports mortality risk over an 18-year period following all types of osteoporotic fractures, including the impact of subsequent fracture, in both women and men in different age groups. Mortality risk was increased in the fracture group compared with the general population similar to previous data. 5, 6, 17 However, this study demonstrated increased mortality associated with all major fractures at all ages and even with minor fractures in older age groups. Mortality was increased for the first 5 years following fractures before returning to population mortality rates for all fracture groups, except for hip fractures where mortality rates remained elevated for up to 10 years. Most importantly, a subsequent fracture again resulted in an elevated mortality risk for a further 5 years.
The importance of these findings stem from the systematic study of longterm mortality patterns following all fracture types. Increased mortality following hip and vertebral fractures is consistent with initial 5-year data from the same cohort and other studies. 5, 6, 8, [18] [19] [20] [21] [22] [23] [24] Premature mortality following hip fractures has been reported particularly in the first year 8 and for up to 10 years by others 9,25-27 in some casecontrol studies. In the current study, 30% of all post-hip fracture deaths occurred in the first 6 months and 21% in the next 18 months. In 2 long-term case-control studies of vertebral fractures, increased mortality was reported for up to 10 years but not compared with the general population. 10, 21 The increased mortality observed here following other major and minor fractures is not well appreciated. Indeed this is the first finding of an increased mortality associated with minor fractures, albeit in older age groups (Ͼ75 years). In previous analyses, [5] [6] [7] [8] minor fractures were not associated with an increase in mortality, possibly because lesser or no effect in younger women obscured the association.
Given these findings, more attention should be given to nonhip, nonvertebral fractures that constituted approximately 50% of all low-trauma fractures and were associated with more than 40% of all deaths. They are also associated with increased subsequent fracture risk, again contributing to the morbidity and mortality burden of fragility fractures. When considering mortality outcomes following fracture over a prolonged follow-up, the 2-to 4-fold risk of occurrence of another fracture needs to be considered. 11, 28 In this study, although mortality risk returned to population levels over 5 years postfracture, a subsequent fracture again increased mortality risk 3-to 4-fold for a further 5 years.
The mechanism of the increased fracture-associated mortality remains uncertain. Some studies have suggested part or all of the mortality excess following hip fracture is related to the underlying health of the patient, including dementia, comorbid conditions, "frailty," weakness, and low bone density. 7, 12, [29] [30] [31] Low bone density, a major risk factor for fracture, is independently associated with mortality. 32, 33 However, other studies have reported little or no relationship between mortality and underlying health. 6, 9, 20, 25, 34 In Medicare beneficiaries with hip fracture, direct fracturerelated mortality was apparent for the first 6 months, and all remaining shortand longer-term increased mortality was attributed to poorer underlying health. 12 In another study, direct fractureassociated mortality contributed up to 24% of all mortality. 22 However, the fact that the excess mortality observed in the present study is highest immediately following almost all fragility fracture events and then declines, only to rise again following a subsequent fracture, supports a direct association with the events surrounding the fracture for at least part of the excess mortality.
The detailed subset analyses contribute to this issue. Subsequent fracture was a significant mortality predictor, in addition to age, in both sexes. The factors differentiating those female fracture participants who died compared with those who did not were lower BMD, weaker quadriceps, increased sway, or ever having smoked. In male fracture participants, weaker quadriceps and decreased physical activity were the independent predictors of mortality. While low BMD in women accounted for a large proportion of the associated postfracture mortality with a population attributable risk of 18%, the factors analyzed did not completely account for increased premature mortality. However, comorbidities present at the time of fracture did not contribute to associated postfracture mortality.
In the subgroup of fracture participants matched by age and BMD to a nonfracture group, fracture was not associated with increased premature mortality in addition to low BMD in women. Thus, in this group of women with low BMD, fracture is a signal of an underlying high mortality risk. By contrast in men, fracture-and not low BMDpredicted mortality. This suggests that in men, fracture per se accounts for a significant proportion of associated mortality.
This study was not specifically designed to examine the underlying causes of mortality; however, examination of death certificates suggested no difference between causes of death in the fracture group and the general population, with cardiac, respiratory, cerebrovascular, and malignancy being the major causes. It still remains to be determined exactly what is responsible for the increased mortality following fracture.
A recent randomized study of bisphosphonate treatment of men and women soon after a hip fracture reported significantly decreased mortality. 35 Subsequent fracture is clearly an important risk for associated premature mortality, and therefore its prevention may contribute to a decrease in overall excess mortality.
The overall importance of excess fracture-associated mortality relates to the population mortality burden. Fracture rates clearly increase with age, as does mortality. However, the population structure is skewed in absolute number terms toward the younger age group, and thus excess deaths in this younger age group, although not as high as in the elderly, contribute substantially to potential years of life lost.
This study has a number of major strengths. It was in a large, stable population followed prospectively for 18 years, which allowed mortality risk estimates to be compared across sexes and different age groups for different fracture groupings. The collection and verification of fracture and mortality data meant that ascertainment of events was highly reliable. Additionally, it was only with the long follow-up period that the prospective examination of subsequent fracture on mortality risk was possible. The longer follow-up in the matched group of the male nonfracture subjects excluded a follow-up bias.
There are some limitations. The population was almost entirely white, so the findings might not be generalizable to other ethnic groups. The mortality rates of the fracture participants were compared with the mortality rates of an agematched general population, which therefore included some individuals with fracture, potentially underestimating the excess associated mortality.
CONCLUSION
This study demonstrated increased mortality following all major types of fragility fractures and even after minor fractures with older age. Mortality risk was highest in the first 5 years following all types of fractures, decreasing toward background population mortality risk, with hip fracture-associated mortality remaining elevated for up to 10 years. Nonhip, nonvertebral fractures, generally not considered in these types of studies, not only constituted almost 50% of the fractures studied, but also were associated with 29% of the premature mortality. Mortality risk decreased with time; however, the occurrence of a subsequent fracture was associated with a 3-to 4-fold increased mortality risk for a further 5 years. These data suggest fracture is a signal event that heralds an increased mortality risk: whether it is related to an underlying increased risk for both fracture and mortality, which may be the case for women, or whether it is related to some aspect of the fracture event itself, as appears to be the case for men, needs further exploration. Overall, this study highlights the premature mortality associated with all types of fractures, particularly that which occurs after subsequent fracture across the whole age spectrum of older men and women.
